A new EMT sensor and instrumentation is described which combines the be4 features of previous systems and has a modular structure to allow for future system expansion and development. 2. The UMIST parallel field EMT system which uses a uniform parallel excitation field. -Both these forms of excitation field generation have their own merits; a point source field providing higher measurement independence, in particular near boundary, and hence image resolution. The parallel excitation field provides optimum central object measurement sensitivity [3]. The new sensor and system instrumentation has been designed to operate with either or both of these excitation methods to provide an optimised measurement data set. To realise this objective the new sensor and instrumentation, in its present configuration, uses two sets of 16 independent excitation and detection channels. The following sections describe the sensor and instrumentation designed for the new system.
Sensor Design
The new sensor array is shown in Figure 2 . An 8" diameter object space is surrounded by a set of detection coils, then a layer of excitation coils and finally the outer field confinement screen. This screen is made from ferrite powder and encapsulated between two plastic pipe sections. A metal outer cover then encloses the entire sensor, including a set of small ckuit boards used for coil driver and measurement buffer circuitry.
The angular positions of the detection and excitation coils are interleaved to reduce the direct coil-pair coupling. Careful design of the'coil size, shape and positioning avoids excessively large background signals and reduces the dynamic range of the sensor signals. These would be 5 times greater if the excitation and detection coils were positioned at the same angle. Theoretically, for certain detection coil geometry's and locations, there are specific null points that can passively cancel the entire background or empty space field signal. In practice, a large reduction in the background signal level is beneficial; reducing the complexity of the signal conditioning electronics. The excitation field can be set by one or more of the excitation coils to control the shape and direction of the energising field. Energising a single coil, in turn, provides 16 point source field patterns. Energising all the excitation coils simultaneously with drive currents which follow a sinusoidal distribution around the sensor produces a near-parallel excitation field. Applying both of these forms of excitation will provide a data set which combines measurements with high spatial independence and measurements with high central object detectability.
System Electronics
The system electronics, with the exception of a small section ofjj-om-end electronics in the sensor itself, has been housed in a Vh4E style equipment case and consists of a number of compatible function modules, All the modules share a common mixed signal backplane which is used for system control and analogue signal distribution. The following subsections describe briefly each module. This module uses a semi-parallel structure to achieve a sub 100 pS conversion time for 32 demodulated, inphase and quadrature, component signal inputs. Eight 4-channel ADC's are used which incorporate input multiplexing and a conversion data storage FIFO. The ADC configuration registers can be programmed in parallel to enable the module tofiee-nm through a pre-determined sampling sequence when required.
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Embedded control and communications module
The final system module, currently under development, will provide embedded control and serial communication facilities. The module is based on the PC104 embedded PC format and has two PC104 sites, to be occupied by a processor and an Ethernet card respectively. This will allow the embedded PC to control the entire data collection operation and transfer measurement data to a remote host, perhaps a considerable distance from the instrument itself.
When combined, the modules described above provide the necessary signal generation and processing required for tomographic data collection. Figure 3 shows the signal flow path for a single excitation and a single detection channel. The figure shows how the compensation signal is subtracted from the measurement signal in between the two programmable gain stages, prior to demodulation and conversion.
At present the system operates with 16 excitation and 16 detection channels in parallel. In future additional channels, in particular for detection, maybe added.
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Discussion
The system presented in this paper can be viewed as a natural progression from the two previous EMT instruments developed at MESC and at UMIST. The new system improves on both the size of the object space and the operatiofid frequency range; up from 100-200 lcHz to 2 MHz. Future developments will see the integration of this hardware with complimentary image reconstruction software which is being developed by colleagues at INESC-Aviero. This work forms the greater part of a Brite-EuRam funded research project aimed at developing EMT for industrial applications.
